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Maritime transportation is the backbone of global trade and its share in global trade 
movement is significant. The ports as the main nodes in the maritime transportation 
chain are under heavy pressure to improve their competitiveness with the evolving 
trade. The port of Colombo as a regional transhipment hub needs to enhance its 
connectivity with the global liner network to increase its market share with the growth 
of seaborne trade. Thus, there is a necessity of identifying the development strategies 
to improve the connectivity of the port.  
 
The Liner Shipping Connectivity Index (LSCI) is being used to rank the maritime 
connectivity of countries in terms of trade facilitation and foreign market share. 
However, the existing components of the LSCI reflect, mainly the characteristics of 
load centric ports, and the behaviour of transhipment ports is not addressed adequately. 
Hence, identifying new factors that influence the connectivity of transhipment ports is 
an essential requirement. In this dissertation, statistical and conceptual analysis is 
conducted based on the historical data and case studies from similar ports to determine 
the new factors which influence the connectivity of transhipment ports. Consequently, 
the deviation distance from the main shipping route, port tariff and vessel turnaround 
time are identified as the critical factors. The new factors are incorporated with some 
of the existing components of LSCI to reflect the characteristics of transhipment ports. 
The modified index is recognized as the “Liner Shipping Transhipment Index” (LSTI) 
and this could be applied to measure and rank the connectivity of transhipment ports. 
Moreover, the port logistics, application of IT and implementation of sustainable 
approaches at ports are identified as secondary factors that influence the components 
of LSTI.  
 
Having evaluated the significant factors of connectivity of transhipment ports, four 
development strategies are identified to enhance the connectivity of the port of 
Colombo; the location and performance strategy, pricing and marketing strategy, smart 
IT strategy and strategy on sustainable approaches. Based on the identified strategies, 
the areas to be highlighted at the port of Colombo is evaluated critically in view of 
enhancing the connectivity.  
 
KEYWORDS: Transportation, Connectivity, Transhipment, Port of Colombo, LSCI, 
Location, Tariff, Vessel Turnaround Time, LSTI, Logistics, IT, Sustainable 
Approaches, Development Strategies 
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Maritime transportation plays a significant role in global trade and economy due to the 
fact that its ability to facilitating high volumes with lower transportation cost. It is 
estimated that excluding the intra-EU trade, the seaborne trade accounts for 90% of 
the volumes and 70% of the value of international trade (UNCTAD, Transport 
Newsletter, 2008). Especially, the contribution of containerized cargo for the 
international merchandise trade is enormous. According to the Figure 1:1, the world 
container volumes have reached to 148 million TEUs in the year 2018 with the support 
of the current growing trend. 
 
By being bi-directional nodes in the global maritime trade, ports have a major role in 
the development of the containerized cargo trade. Conventionally, ports are considered 
as a facilitator for infrastructure, loading/unloading, ship operation, and temporary 
storage. However, with the integration of the ports with the universal supply chain, 
ports are acting as an important node in the chain (Panayides & Song, 2008). Further, 
the competitiveness of the port is not only depending on the integration with the global 
supply chain, but also the connectivity with seaports around the world. Because of that 
competitiveness of the port is enhanced by having a well-connected shipping network. 
 
The Liner Shipping Connectivity Index (LSCI) is an important parameter published 
by the United Nations Conference on Trade and Development (UNCTAD) since the 
year 2004. The countries showing a higher LSCI, have a higher potential to integrate 
with the global maritime trade because of the greater connectivity. Even though the 
LSCI is published with reference to the country, the index is a representation of the 
connectivity of ports of that country with the liner shipping network. Accordingly, by 
enchasing the seaport connectivity of a country in terms of seaborne transportation, 
not only the competitiveness of the port but, the maritime connectivity of the country 
is also increased.   
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Sources: (UNCTAD, Review of Maritime Trasport, 2018)  
Figure 1:1- Increasing of Global Containerized Trade 
 
The port of Colombo as a regional transhipment hub has shown a better performance 
over the years. However, there are opportunities and future threats with the shifting of 
the production factory of the world from China to the Indian subcontinent. The 
emerging economies of India and Bangladesh will create more transhipment for the 
port. However, the new deep-sea port development of Southern India and Bangladesh 
will put extra pressure on Colombo's market share with their own cargo. Further, the 
continues development of the port of Singapore has more potential to capture even a 
bigger market share in the future with the economic boom in the Indian subcontinent. 
In view of this, identifying the significant factors that influence the maritime 





1.2 Scope of the Study 
 
The LSCI of Sri Lanka has increased from 2004 continuously despite the major 
downturn in the year 2009 due to the world economic crisis. It is recorded as 34.68 in 
the year 2004 and 72.46 in 2018 securing the 16th position in the ranking in the year 
2018 as shown in Figure 1:2  (UNCTAD, Liner shipping connectivity index, 2018). 
Figure 1:3 illustrates the comparison of the LSCI of Sri Lanka with some other 
maritime nations. However, compared to the LSCI in Singapore and Malaysia, Sri 
Lanka has a low index value. Therefore, identifying the factors affecting the 
improvement of LSCI in Sri Lanka is a timely requirement. Further, the LSCI of Sri 
Lanka mainly depends on the connectivity of Port of Colombo since it is the only port 
in the country which facilitates the container terminals. Because of that, the factors 
affecting the increase of maritime connectivity in Sri Lanka will be addressed with 
reference to the Port of Colombo under this study.   
 
 
Figure 1:2-The Liner Shipping Connectivity Index of Sri Lanka 
 
The port of Colombo is ranked in 24th position globally by handling TEU capacity of 
over 7 million in the year 2018 (Lloyd’s_List, 2018). Moreover, the port has been 


















LSCI of Sri Lanka
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(FT, 2018). The port has a higher transhipment ratio around 78% (Kumara, G, & 
Praneeth, 2017). Figure 1:4 shows the growth of annual container throughput with time 
at port of Colombo. 
 
 
Figure 1:3-Comparison of LSCI of Sri Lanka with other Countries 
 
 



































Developement of Container Throughput of Port of 
Colombo
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The Port of Colombo consists of three main container terminals. The Jaya Container 
Terminal (JCT) is operated by the Sri Lanka Ports Authority (SLPA) under full 
ownership. The other two terminals; South Asia Gateway Terminal (SAGT), Colombo 
International Container Terminal (CICT) are operated under Public-Private 
Partnerships (PPP). Further, the East Container Terminal (ECT) is under construction 
and will be operated during the year 2020. Having observed the high volatility in world 
seaborne trade, especially containerized cargo, implementation of development 
strategies to improve the port connectivity provide sustainable future for container 
terminal business.  
 
The location of a port, especially the deviation distance from the main shipping routes, 
is a crucial factor for attracting more ships for a transhipment port. Further, the port 
tariff also has a significant role in port selections of shipping lines.  However, a greater 
location and low tariff are not enough to attract more shipping lines. The quality of 
service, productivity, and availability of volumes are also important to improve 
maritime connectivity. 
 
Observing transhipment hubs like Singapore, it could be identified that digitalization 
and IT-based solutions in terminal and port management have made a greater 
contribution for higher connectivity in addition to the remarkable efficiency in port 
operations. Further, the introduction of logistic facilities along with the value-added 
services has greatly contributed to the higher LSCI of port of Singapore.  
 
With the implementation of the 2020 sulphur cap and other environmental regulations, 
shipping lines are moving towards sustainable approaches in terms of energy 
efficiency. Therefore, the ports facilitating the new approaches of shipping lines, by 
providing necessary services such as low sulphur fuel are having a higher potential to 
attract more shipping lines. The Port of Singapore has invested a huge amount of 
money on green port initiatives in addition to the reduction of port dues by 15% for 
the ships with approved abatement technology or burn clean fuel (MPA, 2016).  
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The LSCI, being a parameter which reflects the trade facilitation and foreign market 
share of a country, is a well-developed tool for representing the strength of the marine 
connectivity of manufacturing points, such as China. However, the existing measuring 
components of the LSCI are still unable to fully capture the characteristics of major 
transhipment hubs like Singapore. Therefore, the study aims to evaluate this scenario 
further and identify the additional components which influence the connectivity of 
transhipment hubs. During the research period, a new index is published by the 
UNCTAD on August 2019; the Port Liner Shipping Connectivity Index (UNCTAD, 
2019). However, the inadequacy of addressing the characteristics of transhipment port 
is still in the new index as well. Therefore, the conclusions of this dissertation is not 
altered with the publishing of the new port connectivity index.  
 
1.3 The objective of the Study 
 
The dissertation aims to conduct a statistical and conceptual analysis to explore the 
factors which are significant for connectivity of transhipment ports. At the same time, 
the study will be developed to formulate a new relationship between LSCI and 
individual ports since the countries like Sri Lanka mainly depends on a single port for 
containerized cargo. The requirement of new components for LSCI to represent the 
connectivity of transhipment ports will also be discussed. Further, it is aim to introduce 
a modified index to measure and rank the connectivity of transhipment ports.  
 
The following objectives are expected to achieve at the end of this study. 
I.  To identify the internal significant factors affected to the improvement of 
maritime connectivity of transhipment ports 
II.  To identify the external macroeconomic factors affected to the improvement 
of maritime connectivity of transhipment ports 
III. To analyse and evaluate the measure taken by similar transhipment ports to 
improve their connectivity  
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The researcher is working in the SLPA as a senior port engineer. With a working 
experience of more than 12 years in port planning, the researcher is eager to explore 
the subject matter in detail. Further, according to the maritime policy of Sri Lanka, it 
is expected to develop the port of Colombo as an international maritime hub. 
Therefore, the findings of this study will help to improve connectivity of the port 





The factors influencing the maritime connectivity of a transhipment port is critically 
explored under this study. A comprehensive literature review will be conducted to 
identify the other researchers input in the relevant area. The study will be conducted 
under two processes. 
a) Numerical analysis based on the data collected from the Port of Colombo 
b) Conceptual analysis based on the literature from similar transhipment ports 
which have a high maritime connectivity 
The quantitative data will be analysed using data analysing software such as “Eviews” 
and “Microsoft Excel”. The Classical Linear Regression Model (CLRM) will be 
applied to identify the factors affecting the improvement of LSCI, and the sensitivity 
of each factor.  
 
The conceptual analysis is conducted using the information gathered from the 
literature review to identify the strategies of similar countries such as Singapore, which 
has a higher LSCI. Further, the applicability of such similar concepts to the port of 
Colombo will be critically analysed to reach firm recommendations. Figure 1.5 




Figure 1:5 - Basic Methodology and Research Design 
 
1.5 Research Structure 
 
The report on this research consists of six chapters as explained below. 
 
Chapter One describes the background of the research, scope, and objectives of the 
study, and methodology. Finally, chapter one explains the whole structure of the 
report. 
 
Chapter Two discusses problem identification and the literature relevant to the study.  
It contains information regarding the introduction and calculation of LSCI and its 
applications. Further, factors affecting the improvement of maritime connectivity of 
Problem Identification
Preliminary Literature Review
Identification of the Aim and Objectives
Formulating of the Research Questions
Comprehensive Literature Review
Collecting of Secondary Data 






ports will be identified from the literature. Finally, the literature on the research 
methodology is reviewed.    
 
Chapter Three discusses the possibility of applying LSCI for a port instead of country 
using the findings of literature. Based on that research gap is formulated. Accordingly, 
the methodology of the research is developed and a preliminary analysis of numerical 
and conceptual data is conducted. 
 
Chapter Four illustrates the analysis of statistical and conceptual data. Under the 
statistical analysis, Eviews 10 software is utilized to determine the sensitivity of the 
influential factors of connectivity. Further, conceptual analysis is conducted to identify 
the lessons from similar countries and ports regarding the maritime connectivity. 
 
Chapter Five describes the findings of the research. Basically, the factors influencing 
the connectivity of transhipment ports, the requirement of a new index to determine 
the connectivity of transhipment ports and the influence of secondary factors on 
connectivity are discussed in detail. Further, port connectivity development strategies 
for the Port of Colombo, and research contributions, are also discussed under Chapter 
Five. 
 
Chapter Six is the last section of the report, and it includes a summary of the whole 
study highlighting the main findings. Further, the limitation of the research and room 








CHAPTER 02 - LITERATURE REVIEW 
 
2.1 Problem Identification  
 
The performance of the Port of Colombo has a direct impact on the development of 
the LSCI in Sri Lanka since it is the only port serving for liner shipping services. 
Therefore, the development strategies of the Port of Colombo have a significant impact 
on the maritime connectivity of the country. Although container throughput of the port 
of Colombo is steadily improving, compared to the competitive regional maritime 
nations the LSCI of the county is still low. 
 
The Port of Colombo has an exceptional advantage as a transhipment hub since its 
geographical location in the middle of the East-West main shipping route. Further, 
90% of the transhipments of the Port of Colombo are contributed by the East and West 
coast of India, which is an emerging market. Considering these advantages, there is a 
good opportunity to improve the maritime connectivity once the significant factors are 
identified  accurately. Further, it results to improve the competitiveness of Port of 
Colombo as a transhipment hub by having higher maritime connectivity in the country.  
 
Although, continuous efforts are being taken to improve the port connectivity by 
spending a huge amount of money in short term and long term plans, the port 
management has no clear idea about the areas/factors which need to be prioritized in 
the process. Therefore, once the significant factors are identified, the authorities have 
the advantage of implementing development strategies highlighting such factors 
depending on their contribution to the port connectivity. 
 
Accordingly, the literature review is conducted to obtain the knowledge about the 
introduction and calculation of LSCI, and the accuracy of index. Further, factors that 
influence the improvement of connectivity will be identified from the literature. In the 
same time, the effects on maritime connectivity by location, port tariff, productivity, 
port logistics, IT, and sustainable approaches are also reviewed. 
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2.2 Introduction of Liner Shipping Connectivity Index (LSCI)  
 
Several definitions are available in the literature on transport connectivity. According 
to Hoffmann & Wilmsmeier (2008), the transport connectivity is accessed to the 
frequent and regular services and the level of competition in the supplying of services. 
Meanwhile, Marquez Ramos (2006) defines transport connectivity as quality and the 
cost of the network that is required to move freight from one point to another. Further, 
Wang & Cullinane (2009) define the connectivity of a container port as the possibility 
of transporting containerized cargo to other ports via an existing marine network. In 
recent years, the concept of marine connectivity has been discussed in a broad way 
considering aspects such as logistic connectivity, transport cost, port competitiveness 
and maritime security (R. Rodriguez, Hernandez, & Tobar, 2013). 
 
The competitiveness of a nation in terms of the seaborne trade is depending on 
geographical factors such as distance from the major markets. Although not often 
considered, the transport connectivity or access to the regular transport services in one 
of the main factors in terms of the competitiveness of the seaborne trade (Hoffmann 
J., 2012). With the evolution of containerization, and development of the global liner 
shipping network, any scale of importer or exporter has the opportunity to trade their 
containerizable products to each other conveniently. However, the level of 
connectivity of one nation is different from other nations depending on the several 
factors. Therefore, UNCTAD has developed LSCI to capture that different level of 
connectivity in terms of the seaborne trade. 
 
Initially, UNCTAD had considered several factors to calculate the LSCI of a country 
as listed below (UNCTAD, Transport Newsletter, 2005). 
 
a) Deployment of Container Ships 
The number of container ships deployed by the shipping lines for a particular country 
is considered under this criterion. A larger number of ships indicates a more 
opportunity in containerized trade.   
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b) Deployment of Container Carrying Capacity 
The number of slots for 20-foot equivalent units (TEU) in the whole fleet deployed for 
a country is calculated as the container carrying capacity. The larger the capacity the 
possibilities for the trade are higher. 
 
c) Deployment of Container Ships per Capita 
In terms of the global maritime trade, the larger counties have more possibilities to 
receive more ships than smaller countries due to the difference in the population. 
Hence, this criterion is calculated per capita, basis to be common for all the countries. 
 
d) Deployment of Container Carrying Capacity per Capita 
Similar to the container ships per capita the number of TEU per capita in terms of the 
total capacity of all container ships is calculated. 
 
e) Number of Liner Shipping Companies 
The number of liner shipping companies providing services are considered under this 
criterion. Basically, when the number of liner shipping companies is higher for a 
country, the connectivity of that country with world maritime trade is much higher. 
 
f) Number of Liner Services 
Usually, liner shipping companies provide more than one regular service for a country. 
The countries with higher number of services show better connectivity. 
 
g) Average Vessel Size 
This criterion is connected with the economies of scale. When the average size of the 
ship for a particular country is higher, the opportunity for facilitating trade with lower 





h) Maximum Vessel Size 
This criterion is also connected with the economies of scale. The bigger ships calling 
at a country’s port indicate the achievability of economies of scale, and the ability to 
facilitate the larger ships with port infrastructures.  
 
Considering the implications given by the above criterion, the UNCTAD introduced 
the LSCI for each county in the year 2004. Wilmsmeier & Hoffmann (2013) describes 
that different criterions of LSCI have been utilized as the explanatory variables in 
studies on transport costs and competitiveness.   
 
Recent studies on maritime connectivity have been addressed in different ways. Kumar 
& Hoffmann (2002), Sánchez & Wilmsmeier (2010) and Martínez-Zarzoso & 
Wilmsmeier (2008) have conducted research connecting the maritime connectivity 
with the transport cost. Bichou (2004) and Fisk, Bell, Bichou, & Angeloudis (2006) 
have considered the connectivity with the maritime security, and Comtois, Slack, & 
McCalla (2005) and Notteboom T (2006b) have addressed the matter with the shipping 
network and seaport systems. Further, Notteboom T (2006a) investigated the 
connectivity with the time factor for liner shipping services. Accordingly, LSCI is a 
significant criterion for a country in terms of trade facilitation. Therefore, having 
developed higher LSCI, the competitiveness of the ports can also be increased. 
 
2.3 Calculation of LSCI 
 
Some scholars argue that the liner shipping network is formed based on the demand 
and it increases the competitiveness of the port or country (Wilmsmeier G., 2014), and 
the measurement of the connectivity of the shipping network is expressed in terms of 
the LSCI. The five main components of LSCI are used for calculating the index value, 
and each indicator considered as a possible indicator of connectivity of a particular 
country as per the definition of Hoffmann & Wilmsmeier (2008). The five components 
of LSCI are described as given below (Wilmsmeier & Hoffmann, 2013). 
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a) Number of shipping companies providing the services  
b) The capacity of the largest ship (TEU) providing the services 
c) Total number of services connecting other countries 
d) Total number of ships deploying for all services 
e) Total container carrying capacity (TEU) of all ships providing services 
 
For each of the five components, the country's value is divided by the maximum value 
of that component in 2004 and takes the average of all five components for a particular 
country. The average value is divided by the maximum average in 2004 and multiplied 
by 100. Accordingly, following this method the LSCI for all the countries could be 
calculated (Wilmsmeier & Hoffmann, 2013). 
 
Figueiredo de Oliveira (2010) mentions that LSCI is a key factor in the determination 
of freight rates and competitiveness of the port. Sanchez, Hoffmann, & Wilmsmeier, 
(2006) have also described that individual components of the LSCI are represented 
freight rates and higher LSCI provides the low freight rates within the marine network. 
Thus, achieving a significant value of LSCI promotes the seaborne trade in a particular 
country and makes the ports competitive as well. 
 
2.4 How to Achieve a Higher LSCI (China Vs Singapore) 
 
China and Singapore are ranked at positions 01 and 02 in the LSCI issued for 2018 
(UNCTAD, Review of Maritime Trasport, 2018). According to the main calculation 
creations, both countries have similar characteristics indicating a greater performance 
for each component  (UNCTAD, Transport Newsletter, 2008). However, in terms of 
the total number of container handling by two nations, both nations showing a different 
scenario. The China contributes to the total container capacity as a loading location 
while Singapore dominates as a transhipment hub (UNCTAD, Review of Maritime 
Trasport, 2017). The transhipment ratio of Chinese ports is very less and in the Port of 
Singapore, it around 85% (Notteboom T., 2006c). Therefore, it shows that the higher 
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LSCI is not only possible for load centric ports, but also for well-developed 
transhipment hubs as well. Figure 2:1 shows the density map of container ship 
movements indicating the locations of China, Singapore, and Sri Lanka. 
 
 
Source: (UNCTAD, Review of Maritime Trasport, 2017) 
Figure 2:1 Density Map of Container Ship Movement 
 
According to the Notteboom T (2006), the vertical and horizontal integration with 
shipping lines and global terminal operators such as Maersk, P&O Ports, Hutchison, 
and APM Terminals have created sound connectivity for the Chinese ports. In the case 
of Singapore, the application of high information technology and efficiency helped to 
attract more shipping lines for the transhipment business (Lim, Teo, & Lee-Partridge, 
2000). Further, as describes by Fung (2001) the strategies adopted by ports towards 
the enhancement of port competitiveness have resulted in creating an improved 
transport network. Accordingly, the factors such as being a loading location, locating 
in the East-West shipping route, handling more container volumes, application of IT, 
efficiency in port operations, strategies towards the enhancement of port 
competitiveness have resulted in maintaining a higher LSCI in China and Singapore. 
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2.5 Factors Influencing the Transhipment Throughput 
 
The growth of transhipments in a hub port is basically depending on several external 
factors other than the internal factors such as efficiency and productivity of the 
operations (Park & Liu, 2011). Shipping is an international business, and especially 
the transhipment throughput of a port is affected by the competition with the 
neighbouring hub ports (Zhang, Lee, Chew, & Bae, 2013).  According to Kawasaki, 
Kavirathna, & Hanaoka (2018), the growth of global containerized trade and economic 
growth of neighbouring countries are also significant factors. 
 
Moreover, Chinonye, Ogochukwu, & Innocent (2006) and George & Hawa (2015) 
describe the productivity, efficiency, and loading/discharging rates as the significant 
factors which affect the growth of container throughput and port competitiveness. The 
container throughput of a terminal basically depends upon the competitiveness of the 
terminal. The common productivity measurement of a container terminal could be 
identified as tabulated in Table 2:1. 
 
Table 2:1- Common Productivity Measurement Factors of a Container Terminal   
Element of Terminal Measure of Productivity Measure 
Crane Crane Utilization 
Crane Productivity 
TEUs/year per Crane 
Moves per hour 
Berth Berth Utilization 
Berth Productivity 
Vessels/year per Berth 
Vessel service time (hrs) 
Yard Yard Utilization 
Yard Productivity 
TEUs/year per gross Acre 
TEUs/storage Acre 
Gate Gate Throughput 
Truck Turnaround Time 
Containers/hour/lane 
Truck time in the terminal 
Gang Labour Productivity Number of moves/man-
hour 
Source: (Dam Le-Griffin & Murphy, 2006) 
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According to the (Koi, 2006) and (Saeed & Aaby, 2012), the level of logistics services 
provided by the transhipment hubs directly affect container throughput. Further, 
proactive infrastructure development for capacity enhancement is required to avoid 
the possible congestions in the transhipment ports (Ishii, Lee, Tezuka, & Chang, 2013). 
As describe by the Chang, Lee, & Jose (2008) and Veldman & Buckmann (2003), the 
connectivity and frequency of liner shipping services to a transhipment hub are also 
critical factors that decide the throughput of a hub port. The GDP of hinterland, 
government policies, and import and export volumes are also identified as external 
factors influencing the transhipment volumes (Park & Liu, 2011). Accordingly, there 
are a number of factors identified in the literature, which affect the transhipment 
throughput of a port.  
 
2.6 Effects on the LSCI by Location, Tariff and Logistics Development 
 
The location of the Port is one of the most important factors while considering port 
connectivity. The shipping lines prefer to select the ports with minimum deviation 
from the main shipping routes to reduce the traveling time and associated cost (Chang, 
Lee, & Tongzon, 2008). Specifically, for transhipment ports, a location closer to the 
main shipping routes is an advantage to attract more ships. At the same time providing 
a lower and simple tariff structure also is an important factor to receive more ships and 
increase the port connectivity (Yeo, Roe, & Dinwoodie, 2008).  
 
Many countries in the world become global logistics centres by having better 
connectivity with other trading nations. In general, once the logistics performance is 
high, the port has a better integration with the global supply chain, and the connectivity 
in terms of transportation is increased (Song & Panayides, 2008). Further, the higher 
connectivity level of a port facilitates the transportation of cargo more conveniently, 
and reduce the transport cost while increasing the port competitiveness (Toy & 
Cullinane, 2000). Thus, having a well-developed port logistics strategy increases the 
connectivity and competitiveness of a port.  
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Once the adequate amount of cargo volumes is shipped between ports and relevant 
value-added services are provided efficiently, a higher frequency of shipping services 
could be expected in terms of the transportation (Tang, Lam, & Low, 2015). Further, 
it increases the reliability and quality of the services as well. The Logistics 
Performance Index (LPI) introduced by UNCTAD is a measurement representing the 
strength of the logistics activities of a particular country. According to Hoffmann J 
(2012), there is a higher correlation between measuring component of the LSCI and 
LPI. It shows that having a higher level of port logistics activities in a port attracts 
more shipping lines. 
 
According to Solteszov, Lampeb, & Haiying  (2017), the port authority and 
policymakers have a bigger role in formulating the strategies in order to increase the 
port connectivity. Further, the minimization of logistics and transaction cost in port 
logistics activities promotes the port competitiveness and connectivity (Cho, 2014).  
As illustrated by Steger et al. (2018), the logistic activities of the port are the 
measurement of connectivity of a port. 
 
2.7 Effects on LSCI by Technological and Sustainable Approaches 
 
Ports have a variety of smart-port technological solutions. However, the 
implementation and the selection of the technological strategies depend on the type of 
port (Riedl, Delenclos, & Rasmusser, 2018). Therefore, the transhipment hub shall 
focus on high productivity, and the following applications could be implemented.  
a) Smart cargo handling systems 
b) Management and control of equipment 
c) Automation of gates 
d) Safety management solutions 
 
According to Dezem, Ensslin, Dutra, Ensslin & Somensi (2018), the technological 
approaches highly influence on the competitiveness of the ports and attract more 
shipping lines. Further, the studies done by Koi (2006) and El-Sakty & Salem (2014) 
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highlight the importance of information technology in terms of port competitiveness 
and connectivity. 
 
It could be observed that having claimed the nature of the inherent sustainability of 
sea transportation, the shipping lines have adopted a conservative approach to 
sustainability from its origination of container transportation. However, this tactic is 
no longer feasible with the fundamental changes in the container shipping business 
since the year 2008 (Jorgensen & Farrag, 2010). Accordingly, shipping lines gradually 
move towards technological innovations and sustainable approaches in view of 
obtaining a cost advantage in the market.  Further, new environmental regulations and 
the 2020 Sulphur cap provides extra pressure on shipping lines for sustainable 
approaches. Therefore, the ports have to provide necessary facilities supporting the 
new strategies of shipping lines (Ruan, Kwon, & Lee, 2019). The implementation of 
green port initiatives by Port Singapore Authority is one such approach of facilitating 
the sustainable approaches (MPA, 2016). Further, similar approaches in the Port of 
Busan have helped to increase the port competitiveness and connectivity in terms of 
maritime transportation (Lee, Park, Li, McLaughlin, & Shi, 2018).  
 
2.8 Estimation of Effects on LSCI by Port Efficiency 
 
Although the LSCI is developed in view of measuring the trade facilitation especially 
in load centric ports, the port efficiency factors have a higher influence on LSCI. 
Accordingly, beyond the original five components of the LSCI, the relationship 
between LSCI and port productivity need to be evaluated.  
 
A number of researches follows several methods to build relationships between 
parameters. Samuel, (2014) conducts a study to identify the factors influencing 
container terminal efficiency using the Statistical Package for Social Sciences (SPSS) 
and Microsoft Excel. Further, Vítor, Andreia, & Augusto (2015) suggest the 
conceptual analysis with structural equations to formulate the relationships among 
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variables. However, Hee-jung (2010) explains that the regression analysis with 
statistical relationships provides more reliable connections between variables. 
According to Park & Liu (2011), the regression analysis is not only beneficial for 
predicting and forecasting but generates relationships among the dependent and 
independent variables. One of the common regression methods of this application is 
the Classical Linear Regression Model (CLRM) for determining the relationships and 
contributions of each independent variable (Kiattisin, Gosasang, & Chandraprakaikul, 
2010). 
 
Therefore, in this study, the CLRM is used to evaluate relationship between LSCI and 
port productivity in transhipment ports. Further, the same analysis is utilized to 
identify the degree of contribution of each factor as well. 
 
2.9 Summary of Literature Review 
 
The maritime connectivity of one country is different from another country depending 
on several factors. Accordingly, after identifying those factors UNCTAD has 
developed LSCI to express the connectivity of a country in terms of trade facilitation. 
Several scholars have conducted studies on LSCI considering the index as a tool for 
improving the trade facilitation of a country. China, the country with the highest index 
value, has compiled most of the factors of UNCTAD, which are the component of 
calculating the index. Especially, as a loading centre, China has a greater potential to 
fulfil all the criterion of LSCI since the index has been developed to facilitate the trade. 
However, in the case of Singapore, which is the leading transhipment hub in the world, 
shows a fewer LSCI compared to China. The main reason for this scenario is the 
inability of LSCI to capture the characteristics of transhipment ports. Thus, it is 
essential to incorporate characteristics of transhipment ports with the LSCI to reflect 
the ranking of transhipment ports accurately. Further, effects on port location, tariff, 
logistics, IT and sustainable approaches are needed to analyse with port connectivity, 
since the connectivity of a port is influenced by such factors. Therefore, the aspects 
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maritime connectivity could be analysed not only at the county level but also for each 
port as well.  
 
The new factors other than the components of LSCI are required to rank the 
transhipment ports correctly. However, since the existing literature highlights the role 
of LSCI as only a trade facilitator, there is a knowledge gap to bridge in terms of new 
parameters to represent the characteristics of the transhipment ports in the index. 
Accordingly, in the next chapters, this knowledge gap will be explored in detail and 
identify the new parameters. Further, those outputs could be utilized in the formation 






















CHAPTER 03 - DATA AND METHODOLOGY 
 
3.1 Application of LSCI (Country Vs Port) 
 
During the literature review, it is identified that the LSCI is described as an indicator 
of the level of trade facilitation and size of the foreign market of a country in terms of 
the seaborne trade. The components of the LSCI represent access to international trade 
through the ports of a particular country. According to Amar, Pisit, & John (2014), the 
countries with ports that have better connectivity illustrate a higher LSCI compared to 
the other countries. However, all the components of the LSCI are assessed with 
reference to the country, and individual ports are not considered. In particular, the 
consideration given for port location, tariff, performance, logistics and other 
characteristics of the transhipment ports are not sufficient. Therefore, a modified index 
is required in the port level after identifying the curial factors accurately in order to 
rank the transhipment ports. Further, such factors are need be prioritized during the 
formation of port development strategies for transhipment hubs such as port of 
Colombo.  
 
Table 3:1 shows the top 20 container ports in the world in 2017 and the LSCI of the 
respective country in the same year. It clearly shows that the countries which have a 
higher rank in the LSCI are the locations where the top-ranked container ports are 
positioned. Accordingly, a well-performed container port significantly contributes the 
enhancement of the LSCI of the country.  Further, from the literature review it is 
highlighted that irrespective of the direction of the movement of the containers, the 
container throughput of a port has an effect on LSCI. The implications given from 
Table 3:1 illustrate that China is ranked no 01 in LSCI of 2017 as a loading centre, and 
Singapore is positioned in no 02 in LSCI of 2017 as a transhipment hub. However, in 
terms of the index value, the gap between China and Singapore is much larger because 
of the approach and criterion applied to the calculation of the LSCI. 
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A higher correlation exists between the performance of the port and the LSCI. Even 
though the LSCI is expressed as an index for a country, it is essential to explore the 
relationship between LSCI and a particular port. Further, new parameters for 
measuring the liner shipping connectivity for transhipment ports are needed to be 
identified in order to provide a better reflection of their positions in terms of the 
connectivity. By conducting the correlation and regression analyses between the LSCI 
and port performance indicators enable to evaluate and identify the particular factors 
in ports which contribute to the enhancement of the LSCI. Further, conceptual analysis 
is required to evaluate the importance of factors such as port location, tariff, logistics 
and sustainable approaches on port connectivity. 
 
Table 3:1- The Container Port Ranking in 2017 & LSCI of Respective County 







Country LSCI Rank 
of Country 
in 2017 
Shanghai 9% 1 China 1 
Singapore 85% 2 Singapore 2 
Shenzhen 12% 3 China 1 
Ningbo Zhoushan 11% 4 China 1 
Hong Kong  31% 5 China 1 
Busan  50% 6 Republic of Korea 3 
Guangzhou 10% 7 China 1 
Qingdao 8% 8 China 1 
Dubai 49% 9 United Arab 
Emirates 
13 
Tianjin 6% 10 China 1 
Rotterdam 40% 11 The Netherlands 7 
Port Klang 68% 12 Malaysia 5 
Antwerp 35% 13 Belgium 8 
Xiamen 3% 14 China 1 
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Kaohusiung 51% 15 Taiwan 12 
Dalian 2% 16 China 1 
Los Angeles 1% 17 United States 6 
Hamburg 40% 18 Germany 9 
Tanjung Pelepas 95% 19 Malaysia 5 
Laem Chabang 1% 20 Thailand 36 




3.2 Formulation of Research Gap 
 
Having observed the close correlation of LSCI and port performance, it is necessary 
to formulate a relationship between two parameters. The previous studies highlight the 
LSCI as a criterion to measure the level of trade facilitation and size of the foreign 
trade market in terms of the annual throughput. However, as described in section 3.1, 
the dependency of LSCI on port performance has not been discussed in detailed. Table 
3:1 shows that the transhipment ratio of the top-ranked container ports which are 
located in the countries with high LSCI. According to the figures, it is noted that the 
load centric port with less transhipment ratio has higher LSCI. Therefore, the existing 
components of the LSCI are not sufficient to illustrate the higher connectivity of 
smaller transhipment ports with lesser volumes. 
 
The port performance is closely connected with the competitiveness of the port, and 
the connectivity of the port in terms of seaborne transportation is increased once the 
port has higher competitiveness. Accordingly, the factors affected to enhance the port 
competitiveness are need to be analysed with the LSCI. These factors could be the 
critical measurements of efficiency, productivity, location, tariff structure, logistics, 
application of information technology and sustainable approaches. Hence, under this 
study, those critical measurements are investigated against the port connectivity in 
view of understanding the dependency of connectivity on these new factors in addition 
to the traditional components of LSCI.  
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With the absence of sound literature, a numerical analysis is necessary to formulate 
the statistical behaviour between LSCI and port performance. This helps to identify 
the significant measurements in transhipment ports, which are highly contributed to 
the enhancement of the port connectivity. In addition to that, the same analysis is 
utilized to initiate the concept of the liner shipping connectivity index for transhipment 
ports, which includes additional components other than the components in the LSCI.  
 
Under this study, the LSCI is elaborated beyond its traditional role as a trade facilitator 
for load centric ports which most of the literature has discussed. In addition, LSCI is 
treated not only at the country level but also with reference to the individual ports. 
Moreover, the relationship between maritime connectivity and the port performance is 
further discussed in order to formulate the development strategies for transhipment 
ports. 
 
3.3 Formation of Methodology 
 
The study will be continued considering the Port of Colombo as the functioning entity. 
The LSCI of Sri Lanka is analysed against the performance and productivity data of 
the Port of Colombo in order to understand the research gap described in section 3.2. 
Further, the behaviour of external factors such as competition from neighbouring ports 
and the trade growth, are also important for the transhipment ports. 
 
Accordingly, CLRM runs in Eviews 10 data analysis software to determine the 
relationship and contribution of each significant variable towards the independent 
variable. Further, the Microsoft Excel software is used to conduct the preliminary data 
analysis and determine the correlations of variables. This helps to evaluate the 
contribution of new internal and external factors of transhipment ports towards the port 





Y = α + β1 X1 + β2 X2 + ……………………... + βk Xk + µ 
Y  = Dependent Variable 
Xi  = Independent Variable 
α = Constant 
β = Coefficient 
µ = Error correction term 
 
Further, the conceptual analysis is conducted to understand the behaviour of port 
connectivity with the port location, tariff, logistics, application of information 
technology and digitalization, and sustainable approaches. Basically, the lessons 
learned from the literature review through similar competitive ports are analysed 
comparing the practical situation in the Port of Colombo in view of having firm 
recommendations on development strategies with reference to the port connectivity. 
 
3.4 Preliminary Analysis of Statistical Data and Concept 
 
The selection of the data to input the CLRM is a crucial task. The accuracy of the 
empirical model depends on the quality of the data. In order to develop the CLRM, the 
data from UNCTAD and the operational data of the port of Colombo are obtained. In 
addition, the data from Clarkson's Ship Intelligence Network was obtained to prepare 
a reliable set of data. The details of the collected data are given below. 
 
 The time period of the Data  – the Year 1996 to the Year 2018 
 Frequency    – Yearly  
 
Table 3:2 illustrates the changing of LSCI with the Container throughput of the Port 
of Colombo, and further Figure 3:1 shows the correlation between two parameters. 
The LSCI has been published from 2004 and 15 sets of observations are available for 
the dependent variable. Having observed the higher correlation of R2=0.90 between 
LSCI and the container throughput of Port of Colombo, the possibility of estimating 
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the LSCI for a time period earlier than 2004 is observed. Therefore, as per the equation 
it is given a linear relationship providing a reasonable opportunity to increase the time 
period for the dependent variable.  
 
The LSCI is selected as the dependent variable (Y), and the factor that influences the 
dependent variable are taken as independent variables (Xi). Table 3:3 shows the 
dependent and independent variables which will be assessed in the CLRM model to 
find out the significant factors influencing the port connectivity. 
 




2004 34.68 2,220,525 
2005 33.36 2,455,297 
2006 37.31 3,079,085 
2007 42.43 3,381,242 
2008 46.08 3,687,338 
2009 34.74 3,464,297 
2010 40.23 4,137,441 
2011 41.13 4,262,887 
2012 43.43 4,187,120 
2013 43.01 4,306,206 
2014 53.04 4,907,915 
2015 54.43 5,185,467 
2016 61.21 5,734,923 
2017 70.62 6,209,068 




Figure 3:1- Variation of Container Throughput vs LSCI 
 
 
           Table 3:3 - Variables for CLRM 
Factors  Variables 









Independent Variable (X) 
X1 Sri Lanka Imports 
X2 Sri Lanka Exports 
X3 Vessel Turnaround Time 
X4 Vessel Waiting Time 
X5 Crane Productivity 
X6 Vessel Productivity 
X7 Berth Productivity 
X8 Number of Ships 
X9 Number of Shipping Lines 
X10 Containerized cargo volumes from 
Asia to Europe  
X11 Containerized cargo volumes from 
Europe to Asia 



























Container Throughput vs LSCI
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X12 India Container Traffic 
X13 India Import  
X14 India Export 
 
It is essential to conduct a visual inspection before processing through E-views 
software 10 which is used to run the CLRM. Thus, figures 3.2 to figure 3.6 show the 
variations of the independent variables over the time period from 1996 to 2018, and 
the relationship with the LSCI 
 
 












Import and Expport of Sri Lanka
Import of Sri lanka Export of Sri Lanka
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Figure 3:3 – Number of Shipping Lines over the Time Period 
 
 



































Figure 3:5 – Avg. Waiting Time and Turnaround Time Over the Period 
 
It can be observed that once the waiting time and the vessel turnaround times are 













Avg. Waiting Time and Tuenaround Time 
Avg. Turnaround Time Avg.Waiting Time
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Figure 3:6- The Crane, Vessel and Berth Productivity Over the Time 
 
 
Although any unusual behaviour of data could not be observed from the above graphs, 
the consequences of economies of scale and economic downturn of the year 2009 is 
illustrated from the behaviour of some independent parameters. The increasing of the 
average size of the containership over the years has resulted to deaccelerate the 
growing of the number of ships in the port of Colombo. Further, the continuous 
merging of shipping lines causes changes in the number of shipping lines over the 
years even though the container throughput is increasing consistently. The import and 
export volumes of Sri Lanka have increased over the years despite the considerable 
backdrops in the year 2009. Even though there are some random backdrops, the 
productivity parameters, such as vessel turnaround time, waiting time, crane 
productivity, berth productivity and ship productivity of the port illustrate a developing 
trend.  
 
In addition to the port performance, the location of the port also has a greater impact 
















Crane,Vessel and Berth Productivities
Crane Productivity Vessel Productivity Berth Productivity
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from the main shipping route is one of the main factors. Further, the distance to the 
port from the main production or consumer market is also a vital factor.  Figure 3:7 
shows the East-West main shipping route from Shanghai to Rotterdam and Table 3:4 




Figure 3:7- East-West Main Shipping Route 
 
Table 3:4- Deviation Distance from the Main Route 
Name of the Port Deviation Distance / (km) 
Valetta 65 
Salalah 350 
Jebel Ali 1900 
Colombo 90 
Port Klang 68 
Laem Chabang 1000 
 
Even though the port is very close to the main shipping routes, still the location of the 
production and consumer market is a critical factor in terms of port competitiveness.  
Figure 3:8 shows the number of transhipments generated from the different feeder  
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Figure 3:8-Number of Transhipments Generated from Feeder Ports in year 2015 
 
ports to the port of Colombo. By applying the gravity model, the load centre for the 
system could be identified. Figure 3:9 shows the location of the load centre (X', Y') 
based on the analysis results of the gravity model. Considering the generated 
transhipment load in the regional ports, the Port of Colombo is the closest location to 
the load centre in terms of the total transportation cost. Accordingly, with the shortest 
deviation from the main shipping route and having located near to the centre of gravity 
of regional transhipments, the port of Colombo has greater potential to attract the 




Figure 3:9- Load centre for transhipments of Feeder Ports 
The preliminary analysis of data and the concept illustrates the requirement of new 
factors to describe the behaviour of transhipment ports in terms of the liner shipping 
connectivity. The port performance factors, location of the port close to the load centre 
and main shipping route, effects the tariff, logistics, IT and sustainable approaches, 
provide the opportunity to introduce new components to the existing index 
representing the connectivity of transhipment ports. The modified index could be 
named as Liner Shipping Transhipment Index (LSTI), and that has the ability to rank 
the transhipment ports in terms of the connectivity considering the identical 
characteristics of the transhipments. Further, the identified new factors could be 
utilized in formulating development strategies for transhipment ports such as the Port 
of Colombo. 
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CHAPTER 04 - STATISTICAL AND CONCEPTUAL 
ANALYSIS 
 
4.1 Statistical Analysis of LSCI 
 
The statistical analysis is conducted using the Eviews 10 data analysis software, and 
according to Brooks (2008), four main assumptions are adopted to obtain the Best 
Unbiased Estimator (BLUE) from the CLRM. These are,  
i. E (Ut ) = 0, The mean of the all errors is zero  
ii. Var (Ut ) = S2, The variance of the errors is constant and finite overall 
values of X 
iii. Cov (Ui, Uj ) = 0, The errors are statistically independent of one another 
iv. Cov (Ut ,Xt ) = 0, There is no relationship between the error and 
corresponding X variate 
An additional assumption is applied to make sure the errors are normally distributed 
as indicated below. 
Additional assumption -  Ut ~ N (0, σ2)  
Prior to the input, the Data to the analysis software, and the descriptive statistics of 
variables, are observed. Table 4:1 illustrates the summary of the descriptive statistics 
of the variables. It is observed that vessel turnaround time has been decreased from 
28.35 to 17.05 and ship waiting time from 4.86 to 0.84 over the years while increasing 
the LSCI of Sri Lanka.   
The unit root test and the correlation test are necessary to be conducted for the 
dependent variable, LSCI of Sri Lanka and independent variables, the productivity 
indicators, and the external factors contributed to the transhipment throughput of the 




Table 4:1- Descriptive Statistics of Variables 
Variable Mean Median Max Min Std. Dev. Skewness




23.00 23.10 28.35 17.05 3.23 -0.07 
Vessel 
Waiting Time 
2.50 1.81 4.86 0.84 1.43 0.42 
Crane 
Productivity 




46.48 46.00 57.00 37.00 5.46 0.43 
Number of 
Ships 














6.21 4.98 14.32 1.4 4.25 0.40 
India Import  260.29 195.83 647.05 64.31 193.87 0.55 
India Export 227.71 189.04 490.26 67.65 150.64 0.40 
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4.1.1 Unit Root Test of influencing factors 
Conducting the unit root for the dependent variable (Y) and independent variables (Xs) 
it is essential to identify the stationarity of the variables. The Augmented Dickey-
Fuller, Philips-Perron test, and KPSS test are conducted for this purpose. For the first 
2 tests, the stationary results are accepted when the probability of the unit root lies 
below 5%. In the KPSS test, it is accepted below the value of the LM-Stat at a 5% 
level (0.463000).   
 
Once there is no contradiction of the results of the Augmented Dickey-Fuller and 
Philips-Perron tests, the stationarity is decided based on these two tests. However, if 
there is an inconsistency in results, the KPSS test is conducted to verify the results. 
Finally, the stationarity of each variable is categorized as level, first difference, and 
second difference. Table 4:2 shows the stationary of each variable; the detailed test 
results are given in Appendix – I. 
 
           Table 4:2-Stationarity of Variables 
Variable Stationarity 
LSCI First Difference 
Sri Lanka Imports First Difference 
Sri Lanka Exports First Difference 
Vessel Turnaround Time First Difference 
Vessel Waiting Time First Difference 
Crane Productivity First Difference 
Vessel Productivity First Difference 
Berth Productivity First Difference 
Number of Ships First Difference 
Number of Shipping Lines First Difference 




Containerized cargo volumes from 
Europe to Asia 
First Difference 
India Container Traffic Second Difference 
India Import First Difference 
India Export First Difference 
 
Based on the respective stationarity of each variable, the correlation test is conducted 
for combining all variables.  
 
4.1.2 Correlation Test of influencing factors 
 
The correlation test is an important test to identify the independent variables, which 
are giving the same pattern of information to the dependent variable. The Microsoft 
Excel software is used to conduct the correlation test and identify the correlated 
independent variables. The parameters are entered to the check depending on their 
respective stationarity level from the unit root test. The 80% of the correlated limit is 
considered when highly correlated independent variables are identified and one of 
them is removed considering the level of impact to the dependent variable with 
relevant operational or economic justification.  Table 4:3 illustrates the highly 
correlated independent variables with their level of correlation. The detailed test 
results are given under the Appendix – II. 
 
Table 4:3- Highly Correlated Independent Variables 
Correlated Independent Variables Level of Correlation 
Export and Import of Sri Lanka 0.97 
Crane Productivity and Vessel Productivity 0.89 
Crane Productivity and Berth Productivity 0.82 
Vessel Productivity and Berth Productivity 0.96 
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Considering the highly correlativity of exports and imports of Sri Lanka, the gateway 
throughput of the Port of Colombo is used in the CLRM as an independent parameter 
representing the total import and exports. Further, the productivity parameters are 
highly correlated with each other. Therefore, the crane productivity, which is a critical 
parameter affecting the competitiveness of a port is considered in the model 
representing all the productive independent variables. 
 
4.1.3 Applying the Classical Linear Regression 
 
The regression model in Eviews 10 is generated using the dependent variable and 
stationary independent uncorrelated variables in order to run the CLRM. Once the 
model is established, the T-Test is conducted to classify the independent variables. 
The 10% of probability is considered while deciding the significant level. Accordingly, 
non-significant factors are removed from the CLRM. When the dependent variable is 
stationary at the first difference and one or more of the independent variables are at 
first difference, the residuals are created from each pair of the dependent variable and 
the said independent variables to check whether Cointegration is exist. Once the 
residual is not stationary at level, those residuals are ignored from the CLRM. 
However, once the residual is stationary at level, an error-term is added to CLRM with 
lags. Although the residual is stationary at level, if the probability is more than 10%, 
then the error–correction term is still removed from the CLRM.  
 
The change of the behaviour of dependent variables with the time is incorporated into 
the CLRM by adding the AR and MA terms. The intention is to improve the accuracy 
of the model by adjusting the R2. The 10% of probability limit is considered while 
deciding the number of AR and MA terms to be kept with the final equation.  By 
applying a conservative approach, the AR and MA terms are commenced from an 
order of 5; ar(1) ar(2) ar(3) ar(4) ar(5) and ma(1) ma(2) ma(3) ma(4) ma(5). Only the 
significant AR and MA terms are added to the CLRM after conducting the probability 
test.  
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The Jarque Beerra test is applied in the Eviews 10 to verify the residuals are normally 
distributed. Once, the residuals are not normally distributed the test is repeated by 
adding dummy variables. The results of the test are shown in the Figure 4:1. 
 
 
Figure 4:1 - Results of the Jarque-Bera Test 
 
The white test is conducted to the model to check whether the residual is finite and 
constant over time. In order to receive a BLUE model, the white test shall be satisfied, 
and relevant patches are also applied whenever necessary. The detailed results of the 













Heteroskedasticity Test: White  
F-statistic 0.421674    Prob. F(20,4) 0.9131
Obs*R-squared 16.95720    Prob. Chi-Square(20) 0.6558
Scaled explained SS 5.611338    Prob. Chi-Square(20) 0.9993
     
Test Equation:    
Dependent Variable: RESID^2   
Method: Least Squares   
Date: 08/25/19   Time: 18:25   
Sample: 1994 2018   
Included observations: 25   
Variable Coefficient Std. Error t-Statistic Prob.  
C -0.003279 0.004199 -0.780780 0.4786
D(LOG(AVG__TURNAROUND_TIME))^2 -1.132702 6.755627 -0.167668 0.8750
D(LOG(AVG__TURNAROUND_TIME))*D(LOG(AV
G_WAITING_TIME)) -0.010172 2.136832 -0.004760 0.9964
D(LOG(AVG__TURNAROUND_TIME))*D(D(LOG(I
NDIA_CONTAINER_TRAFFIC))) -2.491593 3.314620 -0.751698 0.4940
D(LOG(AVG__TURNAROUND_TIME))*D(LOG(NO
_OF_SHIPPING_LINES)) 1.651215 1.443458 1.143930 0.3165
D(LOG(AVG__TURNAROUND_TIME))*D(LOG(A_
E_VOLUME)) 0.236050 1.651679 0.142915 0.8933
D(LOG(AVG__TURNAROUND_TIME)) -0.212072 0.328169 -0.646227 0.5533
D(LOG(AVG_WAITING_TIME))^2 0.011019 0.077168 0.142793 0.8934
D(LOG(AVG_WAITING_TIME))*D(D(LOG(INDIA_C
ONTAINER_TRAFFIC))) -0.176762 0.831409 -0.212605 0.8420
D(LOG(AVG_WAITING_TIME))*D(LOG(NO_OF_S
HIPPING_LINES)) 0.150148 0.160760 0.933991 0.4032
D(LOG(AVG_WAITING_TIME))*D(LOG(A_E_VOL
UME)) -0.144929 0.288361 -0.502597 0.6417
D(LOG(AVG_WAITING_TIME)) 0.014384 0.084968 0.169282 0.8738
D(D(LOG(INDIA_CONTAINER_TRAFFIC)))^2 0.580427 0.584442 0.993129 0.3769
D(D(LOG(INDIA_CONTAINER_TRAFFIC)))*D(LOG
(NO_OF_SHIPPING_LINES)) -0.837496 0.615847 -1.359909 0.2455
D(D(LOG(INDIA_CONTAINER_TRAFFIC)))*D(LOG
(A_E_VOLUME)) 0.256638 0.584523 0.439055 0.6833
D(D(LOG(INDIA_CONTAINER_TRAFFIC))) -0.051725 0.089080 -0.580658 0.5926
D(LOG(NO_OF_SHIPPING_LINES))^2 0.226709 0.165596 1.369049 0.2428
D(LOG(NO_OF_SHIPPING_LINES))*D(LOG(A_E_
VOLUME)) -0.381081 0.248850 -1.531369 0.2004
D(LOG(NO_OF_SHIPPING_LINES)) 0.065976 0.040992 1.609494 0.1828
D(LOG(A_E_VOLUME))^2 -0.067103 0.120931 -0.554887 0.6085
D(LOG(A_E_VOLUME)) 0.022053 0.042271 0.521711 0.6294
R-squared 0.678288    Mean dependent var 0.001913
Adjusted R-squared -0.930271    S.D. dependent var 0.002090
S.E. of regression 0.002903    Akaike info criterion -8.998493
Sum squared resid 3.37E-05    Schwarz criterion -7.974637
Log likelihood 133.4812    Hannan-Quinn criter. -8.714519
F-statistic 0.421674    Durbin-Watson stat 1.789853
Prob(F-statistic) 0.913072    
Figure 4:2 - Results of the White Test 
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To check whether the errors are statically independent of one another, the serial 
correlation test is applied. Based on the results of the serial correlation test and white 
tests the CLRM is re-estimated with relevant corrections. Figure 4:3 shows the results 
of the serial correlation test. 
 
Breusch-Godfrey Serial Correlation LM Test:  
F-statistic 2.808899    Prob. F(4,15) 0.0636
Obs*R-squared 10.70644    Prob. Chi-Square(4) 0.0301
     
Test Equation:    
Dependent Variable: RESID   
Method: Least Squares   
Date: 08/25/19   Time: 18:26   
Sample: 1994 2018   
Included observations: 25   
Presample missing value lagged residuals set to zero. 
Variable Coefficient Std. Error t-Statistic Prob.  
C -0.017467 0.025401 -0.687649 0.5022
D(LOG(AVG__TURNAROUND_TIME)) -0.468715 0.778093 -0.602390 0.5559
D(LOG(AVG_WAITING_TIME)) -0.113836 0.109355 -1.040976 0.3144
D(D(LOG(INDIA_CONTAINER_TRAFFIC))) 0.225706 0.249557 0.904425 0.3801
D(LOG(NO_OF_SHIPPING_LINES)) 0.008484 0.115927 0.073185 0.9426
D(LOG(A_E_VOLUME)) 0.010028 0.123106 0.081455 0.9362
RESID(-1) 0.120606 0.272849 0.442026 0.6648
RESID(-2) 0.778983 0.288776 2.697534 0.0165
RESID(-3) -0.307221 0.251533 -1.221394 0.2408
RESID(-4) -0.249295 0.306620 -0.813044 0.4289
R-squared 0.428258    Mean dependent var -5.55E-18
Adjusted R-squared 0.085212    S.D. dependent var 0.044637
S.E. of regression 0.042693    Akaike info criterion -3.180384
Sum squared resid 0.027341    Schwarz criterion -2.692834
Log likelihood 49.75480    Hannan-Quinn criter. -3.045158
F-statistic 1.248400    Durbin-Watson stat 2.203191
Prob(F-statistic) 0.338166    
Figure 4:3 - Results of the Serial Correlation Test 
 
Once, all the tests are applied, finally, to determine the linearity and stability of the 
CLRM, the Ramsey test is conducted, the test results are shown in Figure 4:4. The 
summary of the method of applying the Classical Linear Regression is illustrated in 
Figure 4:5 & Table 4:4 and the process in detailed is given under Appendix – III. 
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Ramsey RESET Test   
Equation: EQ01   
Specification: D(LOG(LSCI)) C D(LOG(AVG__TURNAROUND_TIME)) 
        D(LOG(AVG_WAITING_TIME)) D(D(LOG(INDIA_CONTAINER_TRAFFI 
        C))) D(LOG(NO_OF_SHIPPING_LINES)) D(LOG(A_E_VOLUME)) 
Omitted Variables: Powers of fitted values from 2 to 3 
 Value df Probability  
F-statistic  0.762092 (2, 17)  0.4820  
Likelihood ratio  2.146594  2  0.3419  
F-test summary:   
 Sum of Sq. df Mean Squares  
Test SSR  0.003935  2  0.001967  
Restricted SSR  0.047820  19  0.002517  
Unrestricted SSR  0.043885  17  0.002581  
LR test summary:   
 Value    
Restricted LogL  42.76646    
Unrestricted LogL  43.83976    
     
Unrestricted Test Equation:   
Dependent Variable: D(LOG(LSCI))  
Method: Least Squares   
Date: 08/25/19   Time: 18:27   
Sample: 1994 2018   
Included observations: 25   
Variable Coefficient Std. Error t-Statistic Prob.  
C 0.270356 0.211656 1.277337 0.2187
D(LOG(AVG__TURNAROUND_TIME)) -4.039105 3.516403 1.148647 0.2666
D(LOG(AVG_WAITING_TIME)) -0.348399 0.271110 1.285086 0.2160
D(D(LOG(INDIA_CONTAINER_TRAFFIC))) 1.318386 1.133088 -1.163533 0.2607
D(LOG(NO_OF_SHIPPING_LINES)) 0.892533 0.760929 1.172951 0.2570
D(LOG(A_E_VOLUME)) 0.609318 0.550689 -1.106464 0.2839
FITTED^2 30.36097 33.43955 -0.907936 0.3766
FITTED^3 163.4710 158.5801 1.030841 0.3171
R-squared 0.545168    Mean dependent var 0.060716
Adjusted R-squared 0.357884    S.D. dependent var 0.063406
S.E. of regression 0.050808    Akaike info criterion -2.867181
Sum squared resid 0.043885    Schwarz criterion -2.477140
Log likelihood 43.83976    Hannan-Quinn criter. -2.759000
F-statistic 2.910916    Durbin-Watson stat 1.793076
Prob(F-statistic) 0.034023    
Figure 4:4 - Results of the Ramsey Test 
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Figure 4:5-The Flow Diagram of Application of CLRM 
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Table 4:4 – Summary of the Statistical Analysis 
Step t-Statistic Probability  Comment 









2.809 6% Model is non-
serial 
White Correction Not Applicable since the model is Homoscedasticity and 
Non-Serial 
Ramsey Test 0.762 48% Model is linear 
 
4.1.4 Determining the Sensitivity of influencing factors 
 
The CLRM is formulated to identify the significant factors which contribute to the port 
connectivity of transhipment ports. Basically, the relationship between port 
connectivity and performances, economical and geographical factors are considered 
in the model. Once the model is completed and the linearity is verified the results could 
be interpreted in detail to identify the relative importance of new significant factors 
for the enhancement of connectivity of the transhipment ports. 
 
Figure 4:6 illustrates the statistical analysis completed using the Eviews 10 software. 
According to the preliminary results, the vessel turnaround time has the maximum 
influence by having highest coefficient value. Therefore, internal factors such as 
productivity and efficiency measurements are more sensitive to the enhancement of 
the connectivity of the transhipment port. The detail interpretation of the statistical 





Dependent Variable: D(LOG(LSCI))  
Method: Least Squares   
Date: 08/25/19   Time: 18:14   
Sample (adjusted): 1994 2018   
Included observations: 25 after adjustments  
Variable Coefficient Std. Error t-Statistic Prob.  
C 0.120565 0.026351 4.575273 0.0002
D(LOG(AVG__TURNAROUND_TIME)) -1.776009 0.831664 2.135488 0.0460
D(LOG(AVG_WAITING_TIME)) -0.179460 0.089085 2.014480 0.0583
D(D(LOG(INDIA_CONTAINER_TRAFFIC))
) 0.523942 0.248021 -2.112492 0.0481
D(LOG(NO_OF_SHIPPING_LINES)) 0.400177 0.123992 3.227434 0.0044
D(LOG(A_E_VOLUME)) 0.236020 0.133725 -1.764968 0.0936
R-squared 0.504388    Mean dependent var 0.060716
Adjusted R-squared 0.373964    S.D. dependent var 0.063406
S.E. of regression 0.050168    Akaike info criterion -2.941317
Sum squared resid 0.047820    Schwarz criterion -2.648787
Log likelihood 42.76646    Hannan-Quinn criter. -2.860182
F-statistic 3.867295    Durbin-Watson stat 1.727635
Prob(F-statistic) 0.013817    
Figure 4:6- Determination of Significant factors 
 
4.2 Conceptual Analysis of LSCI 
 
According to the calculation method of UNCTAD, the LSCI is determined by 
considering the five main factors as descried under the literature review. However, 
following the case study of the port of Singapore, and considering the characteristics 
of transhipment ports, it is revealed that the existing five parameters are not sufficient 
to express the maritime connectivity of transhipment ports. As discussed in the 
literature review and Chapter 03, the location, tariff, logistics, information technology, 
and sustainable approaches are critical factors that influence the maritime connectivity 
of a transhipment port. Accordingly, in view of evaluating the new factors for LSTI 
and identifying the development strategies for transhipment ports, the conceptual 




4.2.1 Lessons from the Similar Counties and Ports 
 
Following the characteristics of the port of Colombo and the port of Singapore, it could 
be identified that the business opportunities and operational environment are relatively 
the same about 20 years ago. However, the strategies adopted at the port of Singapore 
have caused a significant improvement of port connectivity with the liner shipping 
network compared to Sri Lanka. Accordingly, by analysing their development in port 
connectivity, similar approaches could be formulated for the port of Colombo as well. 
 
Proactive infrastructure development is one of the main reasons for the port of 
Singapore to develop as a mega transhipment hub. Over the years, capacities are 
continually increased to facilitate future throughput. During the period of the 1990s to 
2010s, the capacity of terminals is 33M TEU while, the port reaches the maximum 
throughput about 29M TEU in 2010. By 2019, the port has the capacity of 50M TEU 
when it is fully operational, and achieves the 37M TEU capacity in 2018.  Accordingly, 
the Port of Singapore Authority (PSA) maintains its terminal capacities well ahead of 
the throughput by applying proactive port infrastructure development process. This 
strategy results in to attract more demand by facilitating a higher level of supply. 
Further, the shipping lines have the flexibility to plan their future arrangements with 
the port once they have well aware of the excess capacities of the port, and this results 
in increasing the port competitiveness while stabilizing existing customers and 
attracting more shipping lines to the port. 
 
Maintaining a higher level of quality in services is PSA's one of the main 
characteristics of its origin as a transhipment hub. Even though the comparatively 
higher prices at the port of Singapore in the region, the quality leadership provides the 
opportunity to maintain the existing customer base and attract new shipping lines. 
Further, the port efficiency in port service, such as vessel turnaround time, quay crane 
productivity and ship waiting time etc., has greatly contributed to the port 
competitiveness. Compared to the average spending time of 24hrs of container vessels, 
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at the port of Singapore, it is around 19hrs in 2016 with the arrival of more than 16,000 
container ships (UNCTAD, Review of Maritime Trasport, 2017).    
 
In parallel to the container transhipment business at the port of Singapore, in 1989, the 
introduction of other auxiliary services, such as bunkering, has greatly contributed to 
attracting more shipping lines to the port. Further, continuous development of 
technological innovations and the introduction of digitalization and e-commerce 
systems have created a customer-friendly business environment at Port of Singapore. 
In this journey, Singapore launched the world's first National Single Window to 
facilitate trade and it digitalizes the 35 government organizations in one platform 
(Ramakrishnan, 2017).  
 
While analysing the process of development of the port of Singapore, the following 
factors are identified as the reasons for attracting more shipping lines for the 
transhipment business. 
a) Proactive infrastructure development 
b) Quality leadership 
c) Technological development 
d) Auxiliary services, and 
e) Customer-friendly service environment  
 
Further, the location of Singapore at the Malacca Strait is an ideal location for a 
transhipment port with the minimum deviation from the main shipping routes. 
Therefore, shipping lines prefer to choose such locations as transhipment ports, 
because of the minimum deviation cost and time. Further, locating the port of 
Singapore in the middle of the production and consuming markets such as Indonesia, 
Malaysia, Thailand, Cambodia, Vietnam, and the Philippines is a great opportunity to 
act as a load centre in terms of transport cost. Figure 4:7 shows the strategic location 
of the port of Singapore. Accordingly, the close location to the main shipping routes 
and the production and consumer markets provides an advantage to the port of 
  50
Singapore to maintain better connectivity with the international liner shipping 
network. 
 
Figure 4:7-Strategic Location of Port of Singapore 
 
4.2.2 Logistics, IT and Sustainable Approaches 
 
The Logistics Performance Index (LPI) is a measurement showing the level of logistics 
services in the country. The criteria, such as customs, infrastructure, intermodal 
shipments, logistics quality and competence, timeliness, and tracking and tracing are 
considered while calculating the LPI. According to Hoffmann J (2012), there is a 
correlation between LSCI and LPI. Figure 4:8 illustrates the correlation between two 
measurements, and it could be identified that once the level of logistics services of a 
country is increasing, the connectivity is also developing. In particular, the 
contribution of port logistics by providing value-added services, is caused to attract 
more cargo volumes and cargo commitment to the port. Further, it results in having a 
higher frequency of shipping services to the port, thus increasing the port connectivity.  
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The new trends in transhipment, such as "soft production", have created a number of 
opportunities for the logistics business in transhipment hubs by facilitating such trends 
and the number of customers could be attracted to the port services. The port 
connectivity is one of the key components of the port logistics strategy, and the 
development of a wider range of logistics activities, especially vertical cooperation 
with the world-leading logistics providers, results in creating a broader connectivity in 
terms of maritime transport. 
 
 
Source : (Hoffmann J., 2012) 
 
Figure 4:8-The Correlation Between LSCI and LPI 
 
The port performance of the transhipment hubs heavily depends on the degree of 
utilization of the IT solutions in the terminal management systems. The smart solutions 
of IT are applied in the field of cargo handling systems, equipment handling systems, 
gate systems and navigation systems (Riedl, Delenclos, & Rasmusser, 2018). These 
solutions result in increasing the port’s competitiveness because of the improvement 
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of efficiency and quality leadership. In the port of Singapore, the Director of IT is 
appointed as the member of senior management to be in touch with the strategic 
directions set for PSA and develop the IT solutions accordingly. Further, the PSA has 
invested hundreds of millions of dollars in IT over the years to keep pace with the 
strength of the port’s operations. The use of advanced container terminal technologies 
enabled the Pasir Panjang Terminal to handle 25% more than TEUs compared to the 
other existing terminals (Partridge, Teo, & Lim, 2000). Once the PSA realized that just 
applying IT is not sufficient, the investment has made for continuous improvement of 
the IT systems, and it keeps the port ahead of the competition to attract more shipping 
lines. 
 
The fundamental changes happened to the container shipping business due to the 2008 
backdrop forced shipping lines and other stakeholders to initiate the sustainable 
approaches in the business. Further, the new environmental regulations of IMO and 
the 2020 Sulphur cap have put more pressure on shipping lines to look for sustainable 
approaches. Thus, container terminals and ports have to facilitate the new approaches 
of shipping lines to keep them with the business and attract new customers. In 
particular, ports need to be ready with supplying the low Sulphur fuel compatible with 
the new regulations. Accordingly, having bunkering facilities with low Sulphur fuel 
gives a higher potential to attract more shipping lines in the future. Further, providing 
shore power in container terminals is one of the green port initiatives of the port. The 
PSA has invested more money on green port applications, and encourages ships with 
approved abatement technology to provide a 15% reduction on port dues (MPA, 2016). 
In the port of Busan, the sustainable approaches and green port initiatives have helped 
to enhance the port competitiveness (Lee, Park, Li, McLaughlin, & Shi, 2018). 
Therefore, the implementation of sustainable approaches influences the arrival of more 
shipping lines to the port with the implementation of new regulations and controlling 
mechanisms. It will result in an increase in port competitiveness and connectivity in 
terms of the seaborne trade. 
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CHAPTER 05 - FINDINGS AND DISCUSSIONS 
 
 
5.1  Critical Factors Influencing the connectivity of a Transhipment Port   
 
With the development of seaborne trade over the years, the role of the load centric port 
and transhipment ports are characteristically different. In the case of China vs 
Singapore, it could be observed that China contributes to the volumes as a loading 
nation while Singapore maintains 85% of the transhipment ratio. However, both 
countries have achieved higher LSCI with different characteristics. China has more 
potential to achieve the criterion of the LSCI with the characteristics of the loading 
location. On the other hand, transhipment hubs, like Singapore, adopt more strategies 
to maintain their better connectivity with the global shipping network even though 
such strategies are not adequately addressed in the present LSCI. For a loading port, 
the availability of cargo itself creates the demand for the port. However, with the 
availability of different routes and port of calls, the transhipment ports are forced to 
implement new strategies to attract more shipping lines. The maintaining of high 
productivity in the services, providing logistics and auxiliary services, application of 
IT-based smart solutions and adopting sustainable approaches, are some of the 
strategies that follow transhipment ports to enhance their connectivity and 
competitiveness. Thus, the comparison of loading ports and transhipment ports under 
the same index is not reasonable since the characteristics of transhipment ports are 
different from load centric ports.  
 
In view of modifying the existing connectivity index, and recognizing the additional 
factors to create the LSTI, the new factors are identified from the statistical and 
conceptual analysis. The new components are suggested in addition some of the 
existing components of LSCI to form the LSTI. Further, the new components, and 
other factors identified from the analysis, could be utilized to formulate development 
strategies for transhipment ports such as the port of Colombo.   
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Based on the analysis, the location of the port is one of the main factors in the 
transhipment business. The ports located along the main shipping routes has a higher 
potential to attract more ships while increasing the port connectivity. Figure 5:1 shows 
the strategic location of the port of Colombo, and Table 5:1 illustrates the deviation 
distance of neighbouring ports from the main shipping route.  
 
 
Figure 5:1-The Strategic location of Port of Colombo 
 
 
Table 5:1- Deviation Distance from the Main Route 








Considering the cost of deviation due to the extra distance, the shipping lines prefer to 
call at the port of Colombo instead of neighbouring ports. A feeder network is operated 
connecting Colombo and all the transhipments are delivered through the port of 
Colombo. Hence, having a location with a minimum deviation distance from the main 
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shipping route provides higher connectivity to a transhipment port. The deviation 
distance from the main shipping route shall be a component of the connectivity index 
for ranking the transhipment ports.   
 
The transhipment business is highly sensitive to the extra cost because of repeated 
loading and unloading processes at consecutive ports. The total cost at ports are added 
to the final transportation fee of the container, and the amount shall be feasible to the 
end user in order to continue the transhipment process. According to Toy & Cullinane, 
2000, the port tariff is one of the critical factors for shipping lines to select a port for 
their transhipements. Further, as discussed in the case of the port of Singapore, the 
lower port tariff of the port of Tanjung Pelepas has helped to attract the transhipment 
traffic from the port of Singapore despite the higher service quality (Goh, Wu, & 
Zhang, 2002).   
 
According to Figure 5:2, the port of Colombo is located close to the center of gravity 
of the feeder markets. Having benefitted from the location, the transhipment port needs 
to offer competitive tariffs to attract more containers from the feeder market. Hence, 
the port tariff shall be a component of the transhipment connectivity index to rank the 





Figure 5:2- location of Port of Colombo Close to the Load Centre 
 
Having a greater location close to the main shipping routes, and offering a competitive 
tariff, is alone not sufficient to attract more shipping lines. The productivity and quality 
of services are vital elements for transhipment ports to improve their maritime 
connectivity. Based on the statistical analysis conducted in Eviews 10 software, 
following factors are identified as significant factors influencing the connectivity of 
transhipment port.  
a) Port performance  
b) Container throughput of production and consumer markets  
In terms of productivity, the vessel turnaround time is a key component for shipping 
lines in the competitive transhipment market.    
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In addition to the results of the statistical analysis, Figure 5.3 shows a higher 
correlation between connectivity and vessel turnaround time. The vessel turnaround 
time is a critical factor at a transhipment port in terms of port efficiency. Under the 
current business scenarios, shipping lines need to make sure that the ships are utilizing 
their operational times effectively at sea without idling in ports. Figure 5:4 shows the 
schematic diagram of components of the vessel turnaround time at port. Having 
maintained an efficient berth allocation system with enough infrastructure facilities, 
the waiting time at the port could be minimized.  
 
Further, the productivity and efficiency of container handling equipment in a 
transhipment port is crucial in terms of the berthing time of a ship at the port.  In 
particular, the number of moves by a quay crane has considerable control over the 
berthing time of a container ship at the terminal. Therefore, the connectivity of a 
transhipment port with the global liner network highly depends on the port 
performance of a transhipment port. Hence, the vessel turnaround time shall be a 
critical component of a connectivity index for transhipment ports.  
 
 
Figure 5:3- The Changing of LSCI with Vessel Turnaround Time 
 























Vessel Turnaround Time vs LSCI
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Figure 5:4 -Vessel Turnaround Time in a Port 
 
Based on the statistical and conceptual analysis three new factors are identified to 
incorporate with the existing component of LSCI to reflect the characteristics of 
transhipment ports.    
a) Deviation distance from the main shipping route 
b) Port tariff per TEU 
c) Average vessel turnaround time per TEU 
 
With the introduction of new components, the modified index is recognized as Liner 
Shipping Transhipment Index (LSTI), and the index is expressed in terms of the port 
instead of the country’s level. Accordingly, the existing components of the LSCI are 
reviewed and redefined as suite for the individual ports. 
 
The LSCI was introduced in 2004, and most of the measuring components are 
determined according to the market scenarios existed at that time and represented the 
characteristics of load centric ports. However, now after 15 years, due to the economic, 
environmental and socio-economic reasons, the contemporary situation is relatively 
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different from the past. Figure 5:5 illustrates the changes in each main component from 
the year 2004 to 2018.  
 
 
Source : (UNCTAD, Reviwe of Maritime Trasport, 2018) 
 
Figure 5:5- The variations of the Main Component of LSCI over the Time 
 
According to Figure 5:5, the first component is the number of shipping companies, 
and the number is continually reducing due to the merging of shipping companies. The 
number of ships shows a stable amount while the maximum ship size and container 
carrying a capacity of ships are increasing over the years because of the continuous 
achievement of economies of scale. The general trend of the number of service is not 
shown in the Figure 5:5 since it is a port or country specific measurement. 
 
Even though, the location, competitive port tariff and productivity are more critical in 
transhipment ports, the accessibility of larger ships and availability of liner 
connections are still vital to maintaining the higher level of maritime connectivity. 
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Hence, to represent those considerations in the LSTI, the three existing components of 
the LSCI are also redefined and tabulated in Table 5:2 along with the new components 
specially to incorporate the characteristics of transhipments. The two remaining 
components of LSCI; number of ships per capita and total container carrying capacity 
per capita which are mainly highlighting the characteristics of   load centric ports are 
not considered as the components of LSTI.  
 
Table 5:2 – Components of the LSTI 
No Component Remarks 
C1 Number of shipping companies providing the services to 
the port  
Derived from 
LSCI 
C2 The capacity of the largest ship (TEU) providing the 
services to the port  
Derived From 
LSCI 
C3 Total number of services connecting other ports  Derived From 
LSCI 
C4 Deviation distance from the main shipping route  New component 
C5 Port tariff per TEU  New component 
C6 Average vessel turnaround time per TEU  New component 
 
In order to calculate the index value, a base year has to be defined as per the availability 
of the data for the components of the LSTI. The components C1 to C3 have a positive 
relationship with the index and components C4 to C6 have a negative relationship with 
the LSTI. A standardization process is required during the calculation for all the 
components to   equalize the units of measurements. Accordingly, the generalize 
process to calculate the LSTI is illustrated below. 
 
a) Once selecting a port, the values of each component is divided by the 




After that, the standardized average of fist 3 components (C1, C2 & C3) is 
calculated; which have a positive relationship with LSTI, and once the values 
of the components are increased, the LSTI is also increased. Then the 
standardized average of last 3 components (C4, C5 & C6) is calculated; which 
have a negative relationship with LSCI, and once the values of components are 
increased the value of LSCI is decreased. 
 
Average 1 =  	∑ /  }/3   
 
Average 2 = { ∑ / } /3 
  
b) Then add the two averages to get the net average for each port. However, the 
Average 1 is proportional to LSTI and Average 2 is inversely proportional. 




c) Finally, each port net average is divided by the maximum average of that 
respective year, and multiply by 100 to calculate the index value for respective 




	 	 	 	 	
	 X 100 
 
A sample calculation of LSTI in details is given under Appendix – IV 
 
5.2 Secondary Factors Influencing the Connectivity of Transhipment Ports  
 
In addition to the main components, there are secondary factors that indirectly 
influence the connectivity of transhipment ports by contributing to improve the main 
components of LSTI. Following the literature review and, statistical and conceptual 
analysis, it could be observed that the port logistics, development of IT and sustainable 
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approaches are also influenced by the port connectivity of a transhipment port by 
supporting the main components.   
 
Formulating a proper port logistics strategy results in increasing the cargo commitment 
to the port and attracting more shipping lines for businesses. The high correlativity 
between port connectivity and LPI proves the importance of logistics services to 
enhance the connectivity with the rest of the world in terms of the seaborne trade.  
 
The application of IT in terminal operations has made revolutionary changes to the 
efficiency of port operations. The smart IT solutions in the navigation, cargo handling, 
gate operations, and port community systems provide an efficient flow of goods with 
relevant information. The vessel turnaround time for a container vessel is one of the 
main port selecting criterions of shipping lines. Under the present business 
environment in world seaborne trade, the shipping lines are taking many efforts to 
conduct their operations profitably.  The effective operational time in the sea is the 
most important factor for shipping lines to generate their income, and the time 
spending in the port shall be minimized as much as possible. Accordingly, ports have 
a huge responsibility to reduce the waiting time, improve the efficiency of equipment 
and conduct the process of movement of cargo within minimum time to release the 
vessel from the port at the earliest. Thus, the application of IT platform combing the 
all the processes from entering the vessel to the port until the departure provides the 
optimum solutions at every stage of navigation, berth allocation, discharging, loading 
and other auxiliary services. The lessons learnt from the PSA illustrate the importance 
of applying IT to provide high-quality services for shipping lines. Further, PSA was 
able to constantly improve the customer base because of its continuous investment in 
new IT solutions for terminal management. Thus, the degree of development of IT-
based applications in transhipment ports has a significant effect on the port 
competitiveness and connectivity since shipping lines prefer to choose such ports as 
their port of call.  
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Traditionally, LSCI is focused only on economical parameters. But, after the 2008 set 
back in the maritime field, and due to the fundamental changes occurred, shipping 
lines are adopting more sustainable approaches in their business practices. 
Accordingly, in the current market scenario, the application of economic factors alone 
is not sufficient to determine the port connectivity. Further, the new environmental 
regulations and policies provided extra pressure on the shipping community, including 
ports and terminals to adopt sustainable solutions with their framework. Therefore, 
ports and terminal which are implementing such approaches by facilitating shipping 
lines to adopt their sustainable approaches, have a greater potential to retain the 
existing customers and attract more shipping lines. This will result in enhancing port 
competitiveness and connectivity. Providing low Sulphur bunkering facilities, shore 
power, incentive schemes for ships with approved abatement technology and other 
green port initiatives will be a competitive advantage under the current market trend.  
 
 
5.3 Port Connectivity Development Strategies for Port of Colombo 
 
The Port of Colombo is a regional transhipment hub located in the Indian Ocean 
facilitating the East-West main shipping route. With the unavailability of the 
advantage as a loading location, and purely depending on the 85% of the transhipment, 
the port needs a development strategy to enhance its connectivity further considering 
the future growth of the seaborne trade.  Based on the findings of the statistical analysis 
and the conceptual analysis with lessons from similar ports, the overall strategy has 
consisted of several internal and external factors. Further, a similar measure from other 
ports needs to be critically analysed to decide the applicability for the port of Colombo. 
Accordingly, four main development strategies are identified to improve the 
connectivity with the liner network as listed below. The strategies are based on the 





a) Location and Performance Strategy 
b) Pricing and Marketing Strategy 
c) Smart IT Strategy 
d) Strategy on Sustainable Approaches 
  
(a) Location and Performance Strategy 
 
Being located in the East-West main shipping route, the location itself has a greater 
level of advantage to have better connectivity with the liner network. Figure 5:6 shows 
the location of the port of Colombo. According to the components of LSTI, the 
deviation distance from the main shipping line is one of the most important factors for 
a transhipment port. Hence, the development strategy shall be formulated highlighting 
the advantages of the location of the port. However, location, itself is not sufficient to 
improve the connectivity, and the availability of the volumes, high quality of 
performance and competitive tariffs are compulsory to obtain the advantage of the 
location. 
 
Figure 5:6 - Location of the Port of Colombo 
Port performance in terms of the terminal operations is one of the key factors in the 
transhipment port, which influences the shipping lines to select the port as a port of 
call. According to the analysis in particular, the vessel turnaround times is a critical 
component in the connectivity index for transhipment ports. Thus, there is a 
requirement of implementing a continuous port development plan according to the 
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forecasted future traffic as following by PSA to avoid problems in berth planning with 
increasing traffic. A comprehensive port master plan shall be formulated in the port of 
Colombo identifying the potential demand to support the port developments. The 
aging port equipment decreases the efficiency of container terminal operations 
considerably. Further, without having properly trained staff for operating the 
equipment, the time spending per moves is high. Therefore, a proper reinvestment plan 
for port equipment and continuous training for operators are essential at the port of 
Colombo to minimize the ship waiting time and vessel turnaround time in addition to 
the continuous port development to cater for the future traffic. Thus, by implementing 
action plans to improve the port performance highlighting the advantage of the 
location provides higher maritime connectivity for the port of Colombo. 
 
(b) Port Pricing and Marketing strategy 
 
In the analysis, it is identified that the container traffic of feeding markets is also an 
important factor for the connectivity of the transhipment port. While the strategies are 
implemented to increase the port performance, an attractive pricing scheme together 
with a marketing strategy is essential to attract the number of ships to the Port of 
Colombo. Providing a competitive pricing structure compared to the other regional 
transhipment hubs is a vital requirement to attract more volumes at the same time 
increasing the connectivity. Further, implementing a time-sensitive pricing strategy 
and providing incentives at off-peak hours will increase port utilization while 
facilitating higher traffic.   
 
The number of TEUs generated from the production and the consumer market also has 
a considerable effect on the connectivity of a transhipment port. Thus, having a 
location close to the huge Indian market and emerging Bangladesh markets, the port 
of Colombo has the potential to attract several shipping lines by acting as a load centre 
in southern Asia. Further, once the traffic movement of the main East-West shipping 
route increases, the connectivity of the port of Colombo will improve due to the greater 
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number of ship arrivals. A comprehensive marketing strategy along with competitive 
pricing will retain the existing shipping lines while attracting new customers in a 
growing market.  
 
According to the LPI of Sri Lanka, the country was ranked in the 92nd, 137th, 81st, 
89th, 95th and 94th positions in 2007, 2010, 2012, 2014, 2016 and 2018 respectively. 
By observing the logistics performance of the country, it is clear that the performance 
over the years is not sufficient to cater to the port logistics requirements of the maritime 
trade. However, having observed the highly correlative nature of the port connectivity 
and LPI, it is a compulsory requirement to improve the port’s logistical activities in 
the port of Colombo. According to the current facilities, except the bonded warehouse 
and container freight stations, there is no dedicated area for value-added services and 
other logistical functions within the port area. A new land area must be allocated within 
the newly developed Colombo South port area adjacent to the deep-water terminals. 
The custom bound land area just behind the container terminal is an essential 
requirement to establish a logistic park combining with container terminals. The 
international logistics companies need to be invited for a vertical cooperation with the 
container terminals and operate the custom bounded logistic park in the Colombo 
South Port. Further, in addition to the value-added service, similar new trends such as 
soft productions in transhipment, provide a higher opportunity to attract more shipping 
lines to obtain the services from the port of Colombo while improving the connectivity 
of the port.  
 
 
(c) Smart IT Strategy 
 
Over the years, the port of Colombo has implemented several programmes to 
incorporate the smart IT solutions in container terminal management. However, 
compared to the transhipment hubs like those of Singapore, the degree of IT 
performance at the port of Colombo is yet to be developed. With the absence of a port 
community system amalgamating /combining all navigational, operational and 
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administrative functions, the efficiency of the services is not yet developed sufficiently 
to serve as a regional transhipments hub. Considering the competitive nature of 
shipping, the port of Colombo needs to invest in such smart IT platforms to retain the 
existing customers and attract more shipping lines in the transhipment business. The 
implementation of port community system and automated gate functions, and 
upgrading the existing IT systems in navigation and cargo handling are immediate 
necessities for the wellbeing of the port of Colombo. Further, a separate IT section has 
to be established under the Operational Division to conduct continuous IT 
development as per the business and operational requirements. As identified from the 
PSA, the IT management system needs to be developed following the below proposed 
concepts. 
I. Business-driven smart IT solutions 
II. Amalgamating business, operational and IT plans 
III. Establishing a flexible and extensible smart IT infrastructure 
IV. Encourage innovation and continuous IT development 
 
Accordingly, the implementation of comprehensive IT solutions results in enchasing 
the efficiency and reliability of services. In the same time, it will create a more 
competitive environment in the transhipment business.  Further, it strengths the 
customer base of the port due to the high quality of services while enhancing the 
connectivity of the port with the global liner shipping network. 
 
(d)  Strategy on Sustainable Approaches 
 
As highlighted in the conceptual analysis, the implementation of sustainable 
approaches at the port of Colombo results in increasing the port connectivity with the 
global liner network. With the port expansion project conducted in the South port area, 
there is good potential to establish an LNG bunkering facility as a Floating Storage 
Regasification Unit (FSRU). Further, low Sulphur fuel bunkering need to be provided 
at the present bunkering facility with more storage capacities. These projects could 
facilitate the ongoing trends of sustainable approaches of shipping lines with the 
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implementation of environmental regulations and the 2020 Sulphur cap. All the deep-
water container terminals of the South port of Colombo need to be facilitated with a 
cold ironing facility enabling container ships to use the electricity during the stay at 
the terminal. The current tariff structure of the port of Colombo does not provide any 
incentive schemes for ships with approved abatement technology. However, since 
more shipping lines are in the phase of applying the controlling mechanisms for 
emissions, it is essential to provide a subsidize tariff structure for such vessels to attract 
more shipping lines, as implemented in the PSA. Further, green port initiatives such 
as electrifying the port equipment, and generating solar power in building rooftops, 
could be conveniently implemented. With contemporary environmental concerns, the 
implementation of green port initiatives is a kind of branding for the port of Colombo 
to attract customers. Accordingly, the described sustainable approaches result 
improving port connectivity by motivating more shipping lines to use Colombo as a 
port of call.  
 
5.4 Research Contributions  
 
Since the LSCI was introduced by UNCTAD in 2004, the number of research and 
academic papers have been published regarding the applications of the index. In most 
of the occasions, the index has been discussed as a tool for trade facilitation and the 
foreign trade market size of a country. However, under this study keeping the one step 
forward, maritime connectivity is treated as a tool to enhance the port competitiveness 
and performance of transhipment ports.  Further, components of calculating LSCI are 
critically analysed to explore the adequacy of existing factors, especially for describing 
the connectivity of transhipment ports. During the statistical and conceptual analyses, 
it is revealed that the need of a new index to rank the transhipment port based on 
maritime connectivity. 
 
The research contributions from the study have two aspects; the academic and the 
Industrial. This study will initiate a discussion regarding the introduction of new 
components to measure the connectivity of transhipment ports. Accordingly, the 
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requirement of new factors to illustrate the characteristics of transhipment port in terms 
of connectivity is highlighted in the study. Further, the need of establishing the Liner 
Shipping Transhipment Index (LSTI) for transhipment ports is identified with the 
introduction of new factors that are more related to the individual port than the country 
level. Accordingly, a new area is explored to conduct the studies incorporating the 
concept of connectivity for a particular transhipment port. In terms of the industrial 
contributions, the findings of the study will guide the shipping and port sector for 
thinking of applying the LSTI in their businesses. In particular, the new critical 
component of the LSTI has a greater level of influence on port competitiveness and 
performances. Accordingly, port authorities can follow the strategies highlighted 
under the findings of the study in their short term and master plans to improve the port 























Being the fact that maritime transportation is the most economical mode of 
transportation in the world, volumes have increased continuously. In parallel to that, 
the other maritime services are developed and the competition among the stakeholders 
is at a higher level. Ports are one of the most important nodes in this marine supply 
chain and continuously under enormous pressure to facilitate this evolving trade with 
high service quality and efficiency. The port of Colombo, as a regional transhipment 
hub in the Indian Ocean, has a greater potential to service the East-West shipping route 
because of its unique location. However, with the current market scenario, the location 
of the port itself is not sufficient to attract more ships to the port. So, to build a better 
connectivity with the liner shipping network is a compulsory requirement. 
Accordingly, as a transhipment port, while formulating the development strategies, it 
is essential to identify the main area to be developed in order to enhance the port 
connectivity. 
 
The existing LSCI of UNCTAD was introduced in 2004, and the index is being used 
as a tool to represent the connectivity of a country with the liner shipping network in 
terms of the trade facilitation and size of the foreign market. However, the existing 
measuring components of the index reflect the characteristics of load centric ports 
rather than transhipment ports. Hence, there is a need to identify the new significant 
components for transhipment ports to have a better representation of their connectivity 
with the global liner shipping network. Accordingly, statistical and conceptual analysis 
is conducted to identify the behaviour of port connectivity of a transhipment port. 
Further, case studies are assessed to identify the effects of the location of the port, 
tariff, transportation cost from the production/consumer markets, logistics, IT and 
development of sustainable approaches. Therefore, it is identified that deviation 
distance from the main shipping route, port tariff and the average vessel turnaround 
time along with three of the existing criterion of LSCI are critical factors of the 
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connectivity of a transhipment port. Thus, a new connectivity index is proposed by in 
coopering the new factors and three existing components of LSCI to reflect the 
characteristics of transhipment ports. Further, the modified index is recognized as the 
“Liner Shipping Transhipment Index” (LSTI) and this could be used to measure and 
rank the connectivity of a transhipment port. In addition to that, in the analysis, it is 
revealed that some secondary factors influencing the components of LSTI. They are 
the performance of port logistics, the Degree of IT applicability and the Degree of 
implementation of sustainable approaches. The improvement of these secondary 
factors indirectly support the critical components and accordingly, enhances the 
connectivity of transhipment ports. During the research period, a new connectivity 
index is published by the UNCTAD on August 2019; the Port Liner Shipping 
Connectivity Index. However, the inadequacy of addressing the characteristics of 
transhipment port is still in the new index as well. Therefore, the conclusions of this 
dissertation remain unchanged with the publishing of the new port connectivity index. 
 
Having understood the significant factors to enhance the connectivity of transhipment 
ports, the development strategies are identified for the port of Colombo following four 
main strategies. The location and performance strategy, pricing and marketing 
strategy, Smart IT strategy and the strategy on sustainable approaches are the key items 
identified to improve the port connectivity and competitiveness of the port of 
Colombo. Therefore, the requirement of improving the efficiency of port equipment, 
including quay cranes, providing continuous training for operators, upgrading the IT 
platforms in navigation, cargo handling, gate function, and port administration, are 
identified to enhance port performance, efficiency and reliability. Further, continuous 
port development must be implemented considering the future forecast to facilitate the 
increasing trade demand in the East-West main shipping route. The huge feeder market 
in India and the emerging market in Bangladesh are two critical production locations 
for the port of Colombo. A sound marketing and pricing strategy shall be implemented 
to the continuous attraction of those feeder markets.  In terms of port logistics, the 
establishment of a custom-bound logistics park next to the deep-water container 
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terminals at the South port area is a compulsory requirement. This logistics park shall 
be operated integrating with the terminal operations. This will support the value-added 
services of transhipments, and encourage shipping lines to use the terminal because of 
the availability of well-functioning port logistics systems for transhipment purposes. 
Further, vertical integration with global logistics players for port logistic functions 
provides the opportunity for strengthening the network all over the world. With the 
implementation of sustainable approaches of shipping lines, it is required to facilitate 
such approaches at the port of Colombo in order to grow the customer base. The 
establishment of LNG bunkering facilities in the South port area and providing the 
essential low Sulphur fuel at the existing oil berth are compulsory requirements. 
Further, tariff incentive schemes for ships with approved abatement technology, 
supplying shore power at deep-water terminals and other general green port initiatives, 
are essential to facilitate the sustainable trends and especially for the branding of the 
port.  Accordingly, by implementing four main development strategies, it will enhance 
the liner shipping connectivity of the port of Colombo and open new opportunities in 
the transhipment business. 
 
6.2 Limitations of the Research 
 
The study consists of statistical and conceptual analyses to determine the significant 
factors that influence the connectivity of a transhipment port. The data samples are 
obtained from the port of Colombo for statistical analyses, and similar ports such as 
the port of Singapore are considered for conceptual analysis. Because of the 
commercial aspects, some sensitive operational data from Public Private Partnership 
(PPP) terminals are not disclosed at the port of Colombo. However, the available data 
from the container terminals directly operated under the Ports Authority is utilized 
during the analysis, and it is assumed that the sample of data represents the behaviour 
of all container terminals in the port of Colombo. Further, during the conceptual 
analysis, it is assumed that the characteristics of the port of Singapore illustrate the 
general behaviour of transhipment ports. The analysis of data and concept focuses on 
identifying the factors improving the connectivity of the port of Colombo with the 
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liner shipping network. Thus, significant factors are identified, and development 
strategies built based on the results of statistical and conceptual analysis. However, in 
general, once identifying the influence factors of new proposed LSTI, the analysis 
shall be done more broadly by selecting the samples from a larger number of 
transhipment ports representing serval different scenarios.  
 
 
6.3  Room for Future Studies  
 
This study discusses the need for measuring port connectivity beyond its traditional 
role as a tool for representing the trade facilitation and foreign market share. Further, 
the connectivity of a port instead of the country is considered evaluating the specific 
factors and characteristics of transhipment ports. Based on the analysis, a new index 
is proposed to measure the connectivity of transhipment ports, and the development 
strategies are proposed accordingly. As per the scope of the study, the main analysis 
is conducted based on the data from the port of Colombo and case studies are 
introduced from different transhipment ports as an initiation to develop a connectivity 
index for transhipment ports. Future studies are necessary so as to consider data from 
more generalized samples representing every aspect of transhipment ports. Further, 
components of the proposed LSTI are needed to study in detail to identify the 
individual influence on connectivity and provide the weight based on that. Therefore, 
further statistical analyses are required on generalized data samples to identify the 
practical behaviour of critical factors while ranking the transhipment ports 
accordingly. 
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Appendix – II 
(a) Conducting Correlation Test 
 
   X1  X2  X3  X4  X5  X6  X7  X8  X9  X10  X11  X12  X13  X14 
X1       
X2  0.086       
X3  0.260  0.185     
X4  0.277  0.183  0.967   
X5  0.424  0.072  0.242  0.155   
X6  0.399  0.220  ‐0.076  ‐0.157  0.797   
X7  ‐0.327  ‐0.038  ‐0.268  ‐0.223  ‐0.773  ‐0.496   
X8  ‐0.316  ‐0.042  ‐0.149  ‐0.072  ‐0.671  ‐0.448  0.895   
X9  ‐0.331  ‐0.154  ‐0.070  0.019  ‐0.663  ‐0.496  0.828  0.964   
X10  ‐0.254  0.263  ‐0.202  ‐0.229  0.161  0.041  ‐0.221  ‐0.219  ‐0.262 
X11  ‐0.009  0.208  ‐0.131  ‐0.050  0.080  0.008  ‐0.085  ‐0.065  ‐0.126  0.083 
X12  0.643  ‐0.073  0.291  0.290  0.129  0.067  ‐0.123  ‐0.171  ‐0.237  ‐0.372  0.219
X13  0.198  ‐0.022  0.285  0.360  0.284  0.114  ‐0.309  ‐0.167  ‐0.047  0.025  0.384 0.031 
X14  0.042  ‐0.057  0.549  0.512  0.244  ‐0.008  ‐0.401  ‐0.312  ‐0.193  ‐0.165  0.090 0.276  0.474 
  xvi
(b) Description of Variables 
 
 Variables 
X1 Number of Shipping Lines 
X2 Number of Ships 
X3 Import of Sri Lanka 
X4 Export of Sri Lanka 
X5 Vessel Turnaround Time 
X6 Waiting Time 
X7 Crane Productivity 
X8 Vessel Productivity 
X9 Berth Productivity 
X10 Containerized cargo volumes from Asia to Europe  
X11 Containerized cargo volumes from Europe to Asia 
X12 India Container Traffic 
X13 India Import  
X14 India Export 
 
 
(C) Highly Correlated Independent Variables 
Correlated Independent Variables Level of Correlation 
Export and Import of Sri Lanka (X3 vs X4) 0.97 
Crane Productivity and Vessel Productivity  (X7 vs X8) 0.89 
Crane Productivity and Berth Productivity (X7 vs X9) 0.82 





Appendix – III 
 
(a) Conducting Classical Linear Regression Analysis 
Liner Shipping Connectivity Index (Y) =  
Constant + β1 Number of Shipping Lines     + β2 Number of Ships + β3 Number 
of Shipping Lines + β4 Gateway Throughput + β5 Vessel Turnaround Time + 
β6 Waiting Time + β7 Crane Productivity + β8 Containerized cargo volumes 
from Asia to Europe + β9 Containerized cargo volumes from Europe to Asia + 
β10 India Container Traffic + β11 India Import + β12 India Export                             
+ Error Correction Term 
 
Dependent Variable: D(LOG(LSCI))  
Method: Least Squares   
Date: 08/25/19   Time: 18:07   
Sample (adjusted): 1994 2018   
Included observations: 25 after adjustments  
Variable Coefficient Std. Error t-Statistic Prob.  
C 0.085220 0.045198 1.885479 0.0819
D(LOG(A_E_VOLUME)) 0.237632 0.157987 -1.504121 0.1565
D(LOG(AVG__TURNAROUND_TIME)) -1.169702 1.193915 0.979720 0.3451
D(LOG(AVG_WAITING_TIME)) -0.140451 0.133080 1.055389 0.3105
D(LOG(CRANE_P)) 0.047223 0.398723 -0.118437 0.9075
D(LOG(E_A_VOLUME)) 0.056425 0.182249 0.309603 0.7618
D(LOG(GATEWAY_THROUGHPUT)) 0.051722 0.228163 -0.226690 0.8242
D(D(LOG(INDIA_CONTAINER_TRAFFIC))
) 0.475379 0.321698 -1.477718 0.1633
D(LOG(INDIA_EXPORT)) 0.121449 0.201280 0.603383 0.5566
D(LOG(INDIA_IMPORT)) 0.090316 0.239795 0.376636 0.7125
D(LOG(NO_OF_SHIPPING_LINES)) 0.398256 0.153927 2.587297 0.0225
D(LOG(NO_OF_SHIPS)) 0.185748 0.296599 0.626260 0.5420
R-squared 0.555946    Mean dependent var 0.060716
Adjusted R-squared 0.180208    S.D. dependent var 0.063406
S.E. of regression 0.057409    Akaike info criterion -2.571163
Sum squared resid 0.042845    Schwarz criterion -1.986102
Log likelihood 44.13954    Hannan-Quinn criter. -2.408892
F-statistic 1.479610    Durbin-Watson stat 2.155480




Appendix – IV 
 
(a) Sample calculation of LSTI 
Component Port A 
 
Port B Port C Maximum Value of 
Each component in the 
respective year 
Number of shipping 
companies 
providing the 
services to the port  
20 15 10 25 
The capacity of the 
largest ship (TEU) 
providing the 
services to the port  
20,000 16,000 10,000 22,000 
Total number of 
services connecting 
other ports  
24 18 12 30 
Deviation distance 
from the main 
shipping route 
/(Km) 
100 750 1950 2000 
Port tariff per TEU / 
(USD) 
90 120 150 200 
Average vessel 
turnaround time per 












Average 1 = 
,
,
 = 0.84 
Average 2 = 
,
 = 0.37 
Each Port Net Average =0.84 + 
.
	= 3.54 
Assume the this is the port A has the maximum average of in the respective 




 x 100 = 100 
 
Port B 
Average 1 = 
,
,
 = 0.67 
Average 2 = 
,
 = 0.58 
Each Port  Net Average = 0.67 + 
.
	= 2.39 
Port A has the maximum average of in the respective year and 100 is the 









Average 1 = 
,
,
 = 0.42 
Average 2 = 
,
,
 = 0.89 
Each port Average = 0.42 + 
.
	= 1.54 
Port A has the maximum average of in the respective year and 100 is the 




 x 100 = 44 
Accordingly, the LSTI of each port as follows 
Port LSTI 
A 100 
B 68 
C 44 
 
 
 
